A new trifluoromethylsulfonate salt of 2-[(3-chloropyridinium-2-yl)hydrazonomethyl]-6-methoxyphenol, (HL)CF 3 SO 3 , and its copper(II) and cobalt(III) complexes, [CuL(OH 2 )]CF 3 SO 3 · 0.5H 2 O (1) and [CoL 2 ]CF 3 SO 3 · CH 3 OH (2), were prepared and characterized by physico-chemical methods and single crystal X-ray analysis. A trifluoromethylsulfonate anion is present in each of the compounds. The Cu atom in complex 1 is coordinated by the phenolate O, imino N and pyridine N atoms of L ligand, giving square planar geometry. The Co atom in complex 2 is coordinated by two phenolate O, two imino N and two pyridine N atoms from two L ligands, giving octahedral geometry. The three compounds were tested in vitro for their antibacterial activities.
Introduction
Schiff bases are readily synthesized by the condensation reaction of carbonyl compounds with primary amines. 1 Schiff bases have been widely investigated for their biological activities, such as antibacterial and antitumor activities, 2 biomimetic catalytic properties, etc. 5 Metal complexes of Schiff bases have also received much attention. These complexes not only play an important role in the development of coordination chemistry related to catalysis and enzymatic reactions, magnetism and molecular architectures, 4 but also exhibit interesting biological activities. 5 In recent years, a number of Schiff bases and their complexes have been reported. 6 Most of the compounds show versatile biological properties especially antibacterial activities. 7 It was reported that the compounds bearing halo-atoms on the aromatic ring have improved antibacterial and antifungal activities. 8 In the present work, a new trifluoromethylsulfonate salt of 2-[(3-chloropyridinium-2-yl)hydrazonomethyl]-6-methoxyphenol, (HL)CF 3 SO 3 , and its copper(II) and cobalt (III) 
Synthesis of (HL)CF 3 SO 3
3-Methoxysalicylaldehyde (1.52 g, 0.010 mol) and (3-chloropyridin-2-yl)hydrazine (1.43 g, 0.010 mol) were mixed in methanol (30 mL). The mixture was stirred at room temperature and then evaporated to give yellow powder of L, which was washed three times with methanol and dried in air. Yield: 91%. Anal. Calcd. for C 13 To a methanolic solution (10 mL) of L (27.7 mg, 0.10 mmol), an aqueous solution (2 mL) of cobalt trifluoromethylsulfonate (35.7 mg, 0.10 mmol) was added with stirring. The mixture was stirred for half an hour and filtered. The filtrate was kept undisturbed at room temperature to slow evaporate for seven days, generating brown crystals suitable for X-ray diffraction. Crystals were isolated by filtration and dried in air. Yield 45% with respect to L. Anal. Calcd. for C 28 H 26 Cl 2 CoF 3 N 6 O 8 S (%): C, 42.4; H, 3.3; N, 10.6. Found: C, 42.5; H, 3.4; N, 10.4 . IR data (KBr, cm -1 ): 3467m, 1615m, 1538m, 1449m, 1365w, 1295w, 1247w, 1164s, 1073s, 949s, 858s, 734w, 637w, 533s. 
14.2452 (12) 10.7336 (7) 11.5827(6) c (Å) 18.0427 (17) 14.1830 (9) 13.3008 (10) 
5. X-ray Crystallography
Suitable single crystals of the compounds were selected and mounted on a Bruker Smart 1000 CCD area-detector diffractometer with graphite monochromatized Mo-Kα radiation (λ = 0.71073 Å) at 298(2) K. Data reduction and cell refinement were performed by the SMART and SAINT programs. 9 Empirical absorption correction was applied by using SADABS. 10 The structures were solved by direct methods and refined with the full-matrix least-squares technique using SHELXL97. 11 The non-H atoms in the structures were subjected to refined anisotropic refinement. The amino hydrogen atoms were located from difference Fourier maps and refined isotropically. The remaining hydrogen atoms were located in geometrically and treated with the riding mode. Crystallographic data and experimental details for the compounds are summarized in Table 1 . Selected bond lengths and angles for the compounds are listed in Table 2 .
6. Antibacterial Test
Antibacterial activities of the compounds were tested in vitro against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudomonas fluorescens using MH medium (Mueller-Hinton medium: casein hydrolysate 17.5 g, soluble starch 1.5 g, beef extract 1000 mL). The minimum inhibitory concentrations (MIC) of the test compounds were determined by a colorimetric method using the dye MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). 12 A solution of the compound (50 μg mL -1 ) in DMSO was prepared and graded quantities of the test compounds were incorporated in specified quantity of sterilized liquid MH medium. A specified quantity of the medium containing the compound was poured into microtitration plates. Suspension of the microorganism was prepared to contain about 10 5 colony forming units cfu mL -1 and applied to microtitration pla- 
tes with serially diluted compounds in DMSO to be tested and incubated at 37 °C for 24 h. After the MICs were visually determined on each of the microtitration plates, 50 μL of PBS (Phosphate Buffered Saline 0.01 mol L -1 , pH 7.4: Na 2 HPO 4 · 12H 2 O 2.9 g, KH 2 PO 4 0.2 g, NaCl 8.0 g, KCl 0.2 g, distilled water 1000 mL) containing 2 mg of MTT was added to each well. Incubation was continued at room temperature for 4-5 h. The content of each well was removed, and 100 μL of isopropyl alcohol containing 5% 1.0 mol L -1 HCl was added to extract the dye. After 12 h of incubation at room temperature, the optical density (OD) was measured with a microplate reader at 550 nm. The observed MICs are presented in Table 3 .
Results and Discussion
The Schiff base L was readily prepared by condensation reaction of 3-methoxysalicylaldehyde and (3-chloropyridin-2-yl)hydrazine in methanol. Single crystals were formed by the addition of trifluoromethylsulfonic acid, followed by slow evaporation. The copper and cobalt complexes were prepared by the reaction of the Schiff base with copper trifluoromethylsulfonate and cobalt trifluoromethylsulfonate, respectively, in methanol/water solution. As usually observed for the preparation of cobalt complexes, Co tion, HL and a trifluoromethylsulfonate. The anion is linked to the cation through intermolecular N-H···O hydrogen bonds (Table 3 ). There are two intramolecular O-H···O and N-H···N hydrogen bonds in the Schiff base cation. The dihedral angle between the benzene and pyridine rings is 2.0(3)°. The torsion angles of C1-C7-N1-N2 and C7-N1-N2-C8 are 0.5(3) and 0.8(3)°, respectively. The bond values of the compound are within normal ranges. 14 In the crystal structure of the compound, the Schiff base cations are linked by trifluoromethylsulfonate anions through hydrogen bonds (Table 3) , giving 2D sheets parallel to the ac plane (Figure 2 ). Figure 3 gives perspective view of complex 1. The asymmetric unit contains a mononuclear Schiff base copper complex cation, a trifluoromethylsulfonate and half water molecule. The water molecule is linked to the cation through intermolecular O-H···O hydrogen bonds (Table  3 ). The dihedral angle between the benzene and pyridine rings is 3.6(5)°. The torsion angles of C1-C7-N1-N2 and C7-N1-N2-C8 are 0.6(5) and 1.6(5)°, respectively. The Cu atom is coordinated by the phenolate O, imino N and pyridine N atoms of the Schiff base ligand and one water molecule, giving a square planar geometry. The coordinate bond values of the complex are within normal ranges. 15 In the crystal structure of the complex, the Schiff base copper complex cations are linked by trifluoromethylsulfonate anions and water molecules through hydrogen bonds (Table  3) , giving 2D sheets parallel to the ab plane (Figure 4). Figure 5 gives perspective view of complex 2. The asymmetric unit contains a mononuclear Schiff base cobalt complex cation, a trifluoromethylsulfonate and a methanol molecule. The dihedral angles between the benzene and pyridine rings are 17.7(4)° for Co1 molecule and 22.4(4)° for Co2 molecule. The torsion angles of C1-C7-N1-N2, C7-N1-N2-C8, C13-C19-N4-N5 and C19-N4-N5-C20 are 6.3(4), 3.8(4), 6.0(4) and 14.5(5)°, respectively. The Co atom is coordinated by two phenolate O, two imino N and two pyridine N atoms from two Schiff base ligands giving an octahedral geometry. The coordinate bond values of the complex are within normal ranges. 16 In the crystal structure of the complex, adjacent two Schiff base cobalt complex cations are linked through hydrogen bonds (Table 3) giving a dimer (Figure 6 ).
2. Crystal Structure Description of 1

Crystal Structure Description of 2
2. IR Spectra
The weak and broad absorptions centered in the region of 3400-3500 cm -1 are assigned to the stretching vibration of the O-H groups of the methanol or water molecules. In the spectrum of (HL)CF 3 SO 3 , the sharp band at Figure 5 . Crystal structure of 2. Displacement is drawn at the 30% probability level. 3300 cm -1 is attributed to the vibration of the N-H group of the ligand. This absorption is absent in the spectra of the complexes, indicating the coordination through pyridine nitrogen atom. Several other bands in the range of 2900-3150 cm -1 are assigned to the characteristic absorption of CH groups. The phenolic í(C-O) in the spectra of the compounds are observed as medium or weak bands at about 1250 cm -1 . The medium band at 1644 cm -1 of (HL)CF 3 SO 3 is assigned to the azomethine group, ν C=N , which is observed at low wave numbers of 1622 cm -1 for 1 and 1615 cm -1 for 2, indicating the coordination of the imino nitrogen atoms to the metal atoms. The spectra of the compounds exhibit strong absorption bands at about 1160 and 1070 cm -1 , corresponding to the stretching vibrations of the trifluoromethylsulfonate anions.
Antibacterial Activities
The compounds were screened in vitro for antibacterial activities against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, and Pseudomonas fluorescens by the MTT method. The MICs of the compounds against the bacteria are presented in Table 4 . Penicillin was used as a reference.
The Schiff base L and the trifluoromethylsulfate salt of L show equal activities against the bacterial. In general, both complexes have stronger activities against the bacteria than L and (HL)CF 3 SO 3 . Complexes 1 and 2 show equal activities against Staphylococcus aureus, while for the other bacteria, complex 1 has stronger activities than complex 2. Even though both complexes have effective activities against Bacillus subtilis, they are much weak than penicillin. However, as for the remaining bacteria, the complexes have stronger activities than penicillin. The trends in the present work are in accordance with those in the literature that metal complexes usually have stronger antibacterial activities than their corresponding ligands. 
Conclusions
A new trifluoromethylsulfonate salt of 2-[(3-chloropyridinium-2-yl)hydrazonomethyl]-6-methoxyphenol and its copper(II) and cobalt(III) complexes have been prepared and characterized. The Schiff base ligand coordinates to the metal atoms through phenolate oxygen, imino nitrogen and pyridine nitrogen atoms. Structures of the compounds are confirmed by infrared spectra and single crystal X-ray determination. The antibacterial activities of the Schiff base and the complexes were assayed. The results indicated that the complexes are potential antibacterial material.
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